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DESCRIPTION 



IMAGE DISTORTION CORRECTING APPARATUS AND IMAGE 
DISTORTION CORRECTING METHOD 

5 

Technical Field 

The present invention relates to an image distortion 
correcting apparatus and an image distortion correcting 
method for correcting distortion in an image displayed on a 
10 screen on the basis of a video signal. 



Background Art 

In a CRT (Cathode-Ray Tube) , an electron beam is 
deflected by a deflecting magnetic field and is irradiated 

15 onto its fluorescent surface, to display an image on a screen. 
The radius of the fluorescent surface of the CRT is larger 
than a radius from a deflecting center point of the electron 
beam to the fluorescent surface. Accordingly, the amount of 
movement of the electron beam in the periphery of the screen 

20 relative to the same amount of deflection is larger than the 
amount of movement of the electron beam at the center of the 
screen. As a result, when cross-hatched patterns which are 
inherently equally spaced are displayed on the screen, there 
occurs such a phenomenon that the spacing between the 

25 cross-hatched patterns is widened toward the periphery of the 



screen from the center thereof. 

Such a phenomenon occurs in both the horizontal 
direction and the vertical direction of the screen. Since 
the difference in deflection in the horizontal direction is 
5 larger than that in the vertical direction, however, the 
distortion in the image significantly appears. Such 
distortion in the image is called east-west pincushion 
distortion. Therefore, a deflection current is generally 
caused to flow such that the amount of deflection in the 

10 periphery of the screen is reduced to correct the east-west 
pincushion distortion. 

When the east-west pincushion distortion is corrected 
such that vertical lines at right and left ends of the image 
on the screen are straight lines, however, there occurs such 

15 a phenomenon that vertical lines to be straight lines in 
intermediate portions between the center and the right end 
and between the center and the left end are curved inward. 
Such a phenomenon is called inner pincushion distortion. 
As the CRT is thinned and flattened, the inner 

20 pincushion distortion is increased. In order to correct the 
inner pincushion distortion thus .increased, the amount of the 
correction must be increased. 

In the CRT , the electron beam is deflected by the 
deflecting magnetic field to display the image on the screen, 

25 as described above. In this case, in order to generate the 
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deflecting magnetic field, a deflection current of several 
App (ampere peak-peak) is caused to flow in a deflection yoke 
in a deflection circuit. When the inner pincushion distortion 
is corrected in the deflection circuit, the deflection 
5 current is modulated. However, the amount of the current is 
large. Accordingly, the larger the amount of correction 
becomes, the higher consumed power becomes in units of several 
watts (W) . Therefore, it is difficult to correct the inner 
pincushion distortion by adjusting the deflection current in 
10 the deflection circuit while restraining the consumed power. 

When the inner pincushion distortion is corrected in the 
deflection circuit, the circuit configuration becomes 
complicated, thereby preventing the cost from being reduced. 

15 Disclosure of Invention 

An object of the present invention is to provide a 
low-cost image distortion correcting apparatus capable of 
correcting distortion in an image without increasing consumed 
power and an image distortion correcting method. 

20 An image distortion correcting apparatus for correcting 

distortion in an image displayed on. a screen on the basis of 
a video signal according to an aspect of the present invention 
comprises a storage device for storing the video signal; a 
write clock signal generation circuit for generating a write 

25 clock signal for writing an inputted video signal into the 
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storage device; a read clock signal generation circuit for 
generating a read clock signal for reading out the video 
signal stored in the storage device; a distortion correction 
waveform generation circuit for generating a distortion 
5 correction waveform for correcting the distortion in the 
image by shifting the positions of pixels displayed on the 
screen on the basis of the video signal; and a read clock 
signal control circuit for controlling the frequency of the 
read clock signal generated by the read clock signal 

10 generation circuit on the basis of the distortion correction 
waveform generated by the distortion correction waveform 
generation circuit, the distortion correction waveform 
generation circuit setting the distortion correction 
waveform such that the amount of shift of the pixel reaches 

15 zero at both ends and the center of the image in the horizontal 
scanning direction. 

In the image distortion correcting apparatus according 
to the present invention, the video signal inputted in 
response to the write clock signal generated by the write 

20 clock signal generation circuit is written into the storage 
device, and the video signal stored in .the storage device is 
read out in response to the read clock signal generated by 
the read clock signal generation circuit. At this time, the 
frequency of the read clock signal is controlled by the read 

25 clock signal control circuit on the basis of the distortion 
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correction waveform generated by the distortion correction 
waveform generation circuit, so that the readout period of 
time of the video signal from the storage device is changed. 
Consequently, the positions of the pixels displayed on the 
5 screen are shifted on the basis of the video signal, so that 
the distortion in the image is corrected. 

In this case, the distortion correction waveform is set 
such that the amount of shift of the pixel reaches zero at 
both the ends and the center of the image in the horizontal 

10 scanning direction. Accordingly, the positions at both the 
ends and the center of the image are not shifted. 

It is thus possible to correct the distortion in the 
image by changing the read clock signal using the distortion 
correction waveform without changing a deflection current in 

15 a deflection circuit, so that power consumption is not 

increased. Further, it is possible to correct the distortion 
in the image by providing the distortion correction waveform 
generation circuit and the read clock signal control circuit 
without improving the deflection circuit. Accordingly, the 

20 circuit configuration is not complicated, thereby not 
preventing the cost from being reduced. . 

The distortion correction waveform generation circuit 
may comprise a first correction waveform generation circuit 
for generating a first correction waveform which is changed 

25 in a horizontal scanning period of time, a second correction 
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waveform generation circuit for generating a second 
correction waveform which is changed in a vertical scanning 
period of time, and a modulation circuit for modulating the 
first correction waveform generated by the first correction 
5 waveform generation circuit by the second correction waveform 
generated by the second correction waveform generation 
circuit, to obtain the distortion correction waveform. 

In this case, the first correction waveform which is 
changed in the horizontal scanning period of time is modulated 

10 by the second correction waveform which is changed in the 
vertical scanning period of time, thereby obtaining the 
distortion correction waveform. Consequently, it is possible 
to correct the distortion in the image displayed on the screen 
over the whole of the image. 

15 The second correction waveform may have inflection 

points, and the slope of at least one of a plurality of 
portions of the second correction waveform which are divided 
at the inflection points may be variably set. 

In this case, the slope of at least one of the portions 

20 of the second correction waveform which are divided at the 
inflection points is adjusted, thereby making it possible to 
make the most suitable distortion correction over the whole 
in the vertical direction of the screen. 

The modulation circuit may comprise a multiplication 

25 circuit for multiplying the first correction waveform 
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generated by the first correction waveform generation circuit 
and the second correction waveform generated by the second 
correction waveform generation circuit. 

In this case, the first correction waveform is modulated 
5 by the second correction waveform by multiplexing the first 
correction waveform and the second correction waveform, 
thereby obtaining the distortion correction waveform. 

The modulation circuit may comprise an amplification 
circuit comprising an input terminal receiving the first 

10 correction waveform generated by the first correction 
waveform generation circuit and a gain control terminal 
receiving the second correction waveform generated by the 
second correction waveform generation circuit. 

In this case, the first correction waveform is modulated 

15 to the second correction waveform by amplifying the first 
correction waveform with gain corresponding to the second 
correction waveform, thereby obtaining the distortion 
correction waveform. 

The first correction waveform may correspond to the 

20 change in the frequency of the read clock signal, and may be 
set such that in a case where the amount of shift. of the pixel 
is defined as positive when the pixel shifts in the scanning 
direction on the screen which is scanned from the left to the 
right, the amount of shift of the pixel reaches zero at the 

25 left end, the center, and the right end of the screen, the 
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amount of shift of the pixel between the left end and the 
center is varied as zero, positive, zero, negative, and zero 
in this order, and the amount of shift of the pixel between 
the center and the right end is varied as zero, negative, zero, 
5 positive, and zero in this order, and the second correction 
waveform may be set such that the amplitudes thereof at the 
upper and lower ends in the vertical direction of the screen 
are larger than that at the center thereof. 

When inner pincushion distortion is caused by east-west 

10 pincushion distortion correction, vertical lines in 

intermediate portions between the right end and the center 
and between the left end and the center out of a plurality 
of vertical lines displayed on the screen are curved inward. 
In this case, the positions of the pixels in upper and lower 

15 parts of the vertical line in the intermediate portion are 
shifted inward, thereby making it possible to correct the 
inner pincushion distortion. 

The first correction waveform may correspond to the 
change in the frequency of the read clock signal, and may be 

20 set such that in a case where the amount of shift of the pixel 
is defined as .positive when the pixel shifts in the. scanning 
direction on the screen which is scanned from the left to the 
right, the amount of shift of the pixel reaches zero at the 
left end, the center, and the right end of the screen, the 

25 amount of shift of the pixel between the left end and the 



center is varied as zero, negative, zero, positive, and zero 
in this order, and the amount of shift of the pixel between 
the center and the right end is varied as zero, positive, zero, 
negative, and zero in this order, and the second correction 
5 waveform may be set such that the amplitude thereof at the 
center in the vertical direction of the screen is larger than 
those at the upper and lower ends thereof. 

When inner pincushion distortion is caused by east -west 
pincushion distortion correction, vertical lines in 

10 intermediate portions between the right end and the center 
and between the left end and the center out of a plurality 
of vertical lines displayed on the screen are curved inward. 
In this case, the position of the pixel at the center of the 
vertical line in the intermediate portion is shifted outward, 

15 thereby making it possible to correct the inner pincushion 
distortion . 

The read clock signal generation circuit may comprise 
a phase-locked loop having a voltage controlled oscillator 
for generating the read clock signal, and the distortion 

20 correction waveform generation circuit may output the 

distortion correction waveform as a distortion correction 
voltage, and the read clock signal control circuit may 
superimpose the distortion correction voltage outputted by 
the distortion correction waveform generation circuit on an 

25 oscillation frequency control voltage of the voltage 
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controlled oscillator of the phase- locked loop. 

In this case, the distortion correction voltage is 
superimposed on the oscillation frequency control voltage of 
the voltage controlled oscillator of the phase-locked loop, 
5 so that the frequency of the read clock signal is changed. 
Consequently, the readout period of time of the video signal 
read out of the storage device is changed, and the positions 
of the pixels displayed on the screen are shifted on the basis 
of the video signal, so that the distortion in the image is 

10 corrected. 

The first correction waveform may correspond to the 
change in the period of time of the read clock signal, and 
may be set such that in a case where the amount of shift of 
the pixel is defined as positive when the pixel shifts in the 

15 scanning direction on the screen which is scanned from the 
left to the right, the amount of shift of the pixel reaches 
zero at the left end, the center, and the right end of the 
screen, the amount of shift of the pixel between the left end 
and the center is varied as zero, positive, zero, negative, 

20 and zero in this order, and the amount of shift of the pixel 
between the center and the right end is varied as zero,, 
negative, zero, positive, and zero in this order, and the 
second correction waveform may be set such that the amplitudes 
thereof at the upper and lower ends in the vertical direction 

25 of the screen are larger than that at the center thereof. 



When inner pincushion distortion is caused by east-west 
pincushion distortion, vertical lines in intermediate 
portions between the right end and the center and between the 
left end and the center out of a plurality of vertical lines 
5 displayed on the screen are curved inward. In this case, the 
positions of the pixels in upper and lower parts of the 
vertical line in the intermediate portion are shifted inward, 
thereby making it possible to correct the inner pincushion 
distortion . 

10 The first correction waveform may correspond to the 

change in the period of time of the read clock signal, and 
may be set such that in a case where the amount of shift of 
the pixel is defined as positive when the pixel shifts in the 
scanning direction on the screen which is scanned from the 

15 left to the right, the amount of shift of the pixel reaches 
zero at the left end, the center, and the right end of the 
screen, the amount of shift of the pixel between the left end 
and the center is varied as zero, negative, zero, positive, 
and zero in this order, and the amount of shift of the pixel 

20 between the center and the right end is varied as zero, 

positive, zero, negative, and zero in this order, and the. 
second correction waveform may be set such that the amplitude 
thereof at the center in the vertical direction of the screen 
is larger than those at the upper and lower ends thereof. 
25 When inner pincushion distortion is caused by east-west 
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pincushion distortion, vertical lines in intermediate 
portions between the right end and the center and between the 
left end and the center out of a plurality of vertical lines 
displayed on the screen are curved inward. In this case, the 
5 position of the pixel at the center of the vertical line in 
the intermediate portion is shifted outward, thereby making 
it possible to correct the inner pincushion distortion. 

The read clock signal generation circuit may comprise 
a phase-locked loop having a voltage-controlled oscillator 

10 for generating the read clock signal, the distortion 

correction waveform generation circuit may further comprise 
a conversion circuit for converting the distortion correction 
waveform obtained by the modulation circuit into a distortion 
correction voltage corresponding to the change in the 

15 frequency of the read clock signal, and the read clock signal 
generation circuit may superimpose the distortion correction 
voltage outputted by the distortion correction waveform 
generation circuit on an oscillation frequency control 
voltage of the voltage controlled oscillator of the 

20 phase-locked loop. 

In this case, the distortion correction voltage is 
superimposed on the oscillation frequency control voltage of 
the voltage controlled oscillator of the phase-locked loop, 
so that the frequency of the read clock signal is changed. 

25 Consequently, the readout period of the video signal read out 



of the storage device is changed. The positions of the pixels 
displayed on the screen are shifted on the basis of the video 
signal, so that the distortion in the image is corrected. 
The video signal image distortion correcting apparatus 
5 may further comprise a correction pulse addition circuit for 
adding a correction pulse to the distortion correction 
voltage in a horizontal blanking interval such that the 
average of the distortion correction voltage in each 
horizontal scanning interval of the video signal becomes a 

10 predetermined value. 

In this case, the average of the oscillation frequency 
control voltage of the voltage controlled oscillator in each 
horizontal scanning interval of the video signal becomes a 
predetermined value. Accordingly, the average of the 

15 frequency of the read clock signal generated by the voltage 
controlled oscillator becomes constant. In this way, the 
average of the oscillation frequency control voltage of the 
voltage controlled oscillator is not changed before and after 
the superimposition of the distortion correction voltage, so 

20 that the operation of the phase-locked loop is not changed. 

The image distortion correcting apparatus may further 
comprise a correction pulse addition circuit for adding a 
correction pulse to the distortion correction voltage 
obtained by the conversion circuit in a horizontal blanking 

25 interval such that the average of the distortion correction 



voltage in each horizontal scanning interval of the video 
signal becomes a predetermined value. 

In this case, the average of the oscillation frequency 
control voltage of the voltage controlled oscillator in each 
5 horizontal scanning interval of the video signal becomes a 
predetermined value. Accordingly, the average of the 
frequency of the read clock signal generated by the voltage 
controlled oscillator becomes constant. In this way, the 
j5! average of the oscillation frequency control voltage of the 

% 10 voltage controlled oscillator is not changed before and after 
the superimposition of the distortion correction voltage, so 
Z" that the operation of the phase- locked loop is not changed, 

j^j The correction pulse addition circuit may add the 

f| correction pulse to the distortion correction voltage before 

fjp 15 the time point where phase comparison in the phase-locked loop 
is made in the horizontal blanking interval such that the 
average of the distortion correction voltage becomes a 
predetermined value for each horizontal scanning interval. 
The phase- locked loop may further have a frequency 
20 divider for dividing the frequency of the read clock signal 
outputted from the voltage controlled oscillator, a phase 
comparator for comparing the phase of an output signal of the 
frequency divider and the phase of a predetermined reference 
signal, and a loop filter for smoothing an output voltage of 
25 the phase comparator and inputting the smoothed output 
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voltage to the voltage controlled oscillator through an 
output node, and the read clock signal control circuit may 
comprise an emitter follower transistor having its base 
receiving the distortion correction voltage outputted by the 
5 distortion correction waveform generation circuit, and a 
capacitance provided between the emitter of the transistor 
and the output node of the loop filter of the phase-locked 
loop . 

In this case, the distortion correction voltage is 

10 superimposed on the oscillation frequency control voltage of 
the voltage controlled oscillator by the emitter follower 
transistor and the capacitance. Consequently, it is possible 
to control the frequency of the read clock signal on the basis 
of the distortion correction waveform by a simple circuit 

15 configuration. 

The phase -locked loop may further have a frequency 
divider for dividing the frequency of the read clock signal 
outputted from the voltage controlled oscillator, a phase 
comparator for comparing the phase of an output signal of the 

20 frequency divider and the phase of a predetermined reference 
signal, and a loop filter for smoothing an output voltage of 
the phase comparator, and the read clock signal control 
circuit may comprise an addition circuit for adding the 
distortion correction voltage outputted by the distortion 

25 correction waveform generation circuit and an output voltage 
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of the loop filter of the phase-locked loop and feeding a 
voltage obtained by the addition to the voltage controlled 
oscillator . 

In this case, the distortion correction voltage and the 
5 output voltage of the loop filter of the phase-locked loop 
are added together, and are fed to the voltage controlled 
oscillator. The addition circuit is interposed between the 
distortion correction voltage and the loop filter, so that 
% the distortion correction waveform is superimposed on the 

10 read clock signal without being distorted by the effect of 
the loop filter. Consequently, it is possible to control the 

I 

frequency of the read clock signal on the basis of the 
i*< distortion correction waveform. 

j=rT An image distortion correcting method for correcting 

=il 15 distortion in an image displayed on a screen on the basis of 
a video signal according to another aspect of the present 
invention comprises the steps of generating a write clock 
signal for writing an inputted video signal into a storage 
device; generating a read clock signal for reading out the 
20 video signal stored in the storage device ; generating a 

distortion correction waveform for correcting the distortion 
in the image by shifting the positions of pixels displayed 
on the screen on the basis of the video signal; controlling 
the frequency of the read clock signal on the basis of the 
25 generated distortion correction waveform; and setting the 



distortion correction waveform such that the amount of shift 
of the pixel reaches zero at both ends and the center of the 
image in the horizontal scanning direction. 

In the image distortion correcting method according to 
5 the present invention, the video signal inputted in response 
to the write clock signal is written into the storage device, 
and the video signal stored in the storage device is read out 
in response to the read clock signal. At this time, the 
frequency of the read clock signal is controlled on the basis 

10 of the distortion correction waveform, so that the readout 
period of time of the video signal from the storage device 
is changed. Consequently, the positions of the pixels 
displayed on the screen are shifted on the basis of the video 
signal, so that the distortion in the image is corrected. 

15 In this case, the distortion correction waveform is set 

such that the amount of shift of the pixel reaches zero at 
both the ends and the center of the image in the horizontal 
scanning direction. Accordingly, the positions at both the 
ends and the center of the image are not shifted. 

20 It is thus possible to correct the distortion in the 

image by changing the read clock signal using the distortion 
correction waveform without changing a deflection current in 
a deflection circuit, so that power consumption is not 
increased. Further, it is possible to correct the distortion 

25 in the image by generating the distortion correction waveform 



and controlling the read clock signal based on the distortion 
correction waveform without improving the deflection 
circuit. Accordingly, the circuit configuration is not 
complicated, thereby not preventing the cost from being 
5 reduced. 

The step of generating the distortion correction 
waveform may comprise the steps of generating a first 
correction waveform which is changed in a horizontal scanning 
period of time, generating a second correction waveform which 
10 is changed in a vertical scanning period of time, and 
modulating the first correction waveform by the second 
correction waveform, to obtain the distortion correction 
waveform. 

In this case, the first correction waveform which is 
15 changed in the horizontal scanning period of time is modulated 
by the second correction waveform which is changed in the 
vertical scanning period of time, thereby obtaining the 
distortion correction waveform. Consequently, it is possible 
to correct the distortion in the image over the whole of the 
20 image displayed on the screen. 

The second correction waveform may haye inflection 
points, and the step of generating the distortion correction 
waveform may further comprise the step of variably setting 
the slope of at least one of a plurality of portions of the 
25 second correction waveform which are divided at the 
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inflection points. 

In this case, the slope of at least one of the portions 
of the second correction waveform which are divided at the 
inflection points is adjusted, thereby making it possible to 
5 make the most suitable distortion correction over the whole 
in the vertical direction of the screen. 

The first correction waveform may correspond to the 
change in the frequency of the read clock signal, and may be 
set such that in a case where the amount of shift of the pixel 

10 is defined as positive when the pixel shifts in the scanning 
direction on the screen which is scanned from the left to the 
right, the amount of shift of the pixel reaches zero at the 
left end, the center, and the right end of the screen, the 
amount of shift of the pixel between the left end and the 

15 center is varied as zero, positive, zero, negative, and zero 
in this order, and the amount of shift of the pixel between 
the center and the right end is varied as zero, negative, zero, 
positive, and zero in this order, and the second correction 
waveform may be set such that the amplitudes thereof at the 

20 upper and lower ends in the vertical direction of the screen 
are larger than that at the center thereof. 

When inner pincushion distortion is caused by east-west 
pincushion distortion correction, vertical lines in 
intermediate portions between the right end and the center 

25 and between the left end and the center out of a plurality 



of vertical lines displayed on the screen are curved inward. 
In this case, the positions of the pixels in upper and lower 
parts of the vertical line in the intermediate portion are 
shifted inward, thereby making it possible to correct the 
5 inner pincushion distortion. 

The first correction waveform may correspond to the 
change in the frequency of the read clock signal, and may be 
set such that in a case where the amount of shift of the pixel 
is defined as positive when the pixel shifts in the scanning 

10 direction on the screen which is scanned from the left to the 
right, the amount of shift of the pixel reaches zero at the 
left end, the center, and the right end of the screen, the 
amount of shift of the pixel between the left end and the 
center is varied as zero, negative, zero, positive, and zero 

15 in this order, and the amount of shift of the pixel between 
the center and the right end is varied as zero, positive, zero, 
negative, and zero in this order, and the second correction 
waveform may be set such that the amplitude thereof at the 
center in the vertical direction of the screen is larger than 

20 those at the upper and lower ends thereof. 

When inner pincushion distortion is caused by. east-west 
pincushion distortion correction, vertical lines in 
intermediate portions between the right end and the center 
and between the left end and the center out of a plurality 

25 of vertical lines displayed on the screen are curved inward. 



In this case, the position of the pixel at the center of the 
vertical line in the intermediate portion is shifted outward, 
thereby making it possible to correct the inner pincushion 
distortion . 

5 The step of generating the read clock signal may 

comprise the step of generating the read clock signal by a 
phase-locked loop having a voltage controlled oscillator, and 
the step of generating the distortion correction waveform may 
comprise the step of outputting the distortion correction 

10 waveform as a distortion correction voltage, and the step of 
controlling the frequency of the read clock signal may 
comprise the step of superimposing the outputted distortion 
correction voltage on an oscillation frequency control 
voltage of the voltage controlled oscillator of the 

15 phase-locked loop. 

In this case, the distortion correction voltage is 
superimposed on the oscillation frequency control voltage of 
the voltage controlled oscillator of the phase-locked loop, 
so that the frequency of the read clock signal is changed. 

20 Consequently, the readout period of time of the video signal 
read out of the storage device is changed, and the positions 
of the pixels displayed on the screen are shifted on the basis 
of the video signal, so that the distortion in the image is 
corrected. 

25 The first correction waveform may correspond to the 



change in the period of the read clock signal, and may be set 
such that in a case where the amount of shift of the pixel 
is defined as positive when the pixel shifts in the scanning 
direction on the screen which is scanned from the left to the 
5 right, the amount of shift of the pixel reaches zero at the 
left end, the center, and the right end of the screen, the 
amount of shift of the pixel between the left end and the 
center is varied as zero, positive, zero, negative, and zero 
in this order, and the amount of shift of the pixel between 

10 the center and the right end is varied as zero, negative, zero, 
positive, and zero in this order, and the second correction 
waveform may be set such that the amplitudes thereof at the 
upper and lower ends in the vertical direction of the screen 
are larger than that at the center thereof. 

15 When inner pincushion distortion is caused by east -west 

pincushion distortion correction, vertical lines in 
intermediate portions between the right end and the center 
and between the left end and the center out of a plurality 
of vertical lines displayed on the screen are curved inward. 

20 In this case, the positions of the pixels in upper and lower 
parts of the vertical line in the intermediate portion .are 
shifted inward, thereby making it possible to correct the 
inner pincushion distortion. 

The first correction waveform may correspond to the 

25 change in the period of time of the read clock signal, and 



may be set such that in a case where the amount of shift of 
the pixel is defined as positive when the pixel shifts in the 
scanning direction on the screen which is scanned from the 
left to the right, the amount of shift of the pixel reaches 
5 zero at the left end, the center, and the right end of the 
screen, the amount of shift of the pixel between the left end 
and the center is varied as zero, negative, zero, positive, 
and zero in this order, and the amount of shift of the pixel 
between the center and the right end is varied as zero, 

10 positive, zero, negative, and zero in this order, and the 
second correction waveform may be set such that the amplitude 
thereof at the center in the vertical direction of the screen 
is larger than those at the upper and lower ends thereof. 

When inner pincushion distortion is caused by east-west 

15 pincushion distortion correction, vertical lines in 

intermediate portions between the right end and the center 
and between the left end and the center out of a plurality 
of vertical lines displayed on the screen are curved inward. 
In this case, the position of the pixel at the center of the 

20 vertical line in the intermediate portion is shifted outward, 
thereby making it possible to correct the inner pincushion 
distortion . 

The step of generating the read clock signal may 
comprise the step of generating the read clock signal by a 
25 phase-locked loop having a voltage controlled oscillator , the 
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step of generating the distortion correction waveform may 
further comprise the step of converting the distortion 
correction waveform into a distortion correction voltage 
corresponding to the change in the frequency of the read clock 
5 signal and outputting the distortion correction voltage, and 
the step of controlling the frequency of the read clock signal 
may comprise the step of superimposing the outputted 
distortion correction voltage on an oscillation frequency 

if control voltage of the voltage controlled oscillator of the 

^ 10 phase- locked loop. 

U In this case, the distortion correction voltage is 

m 

superimposed on the oscillation frequency control voltage of 
yi the voltage controlled oscillator of the phase-locked loop, 

fhi so that the frequency of the read clock signal is changed. 

m 15 Consequently, the readout period of time of the video signal 
read out of the storage device is changed, and the positions 
of the pixels displayed on the screen are shifted on the basis 
of the video signal, so that the distortion in the image is 
corrected. 

20 The image distortion correcting method may further 

comprise the step of adding a correction pulse to the 
distortion correction voltage in a horizontal blanking 
interval such that the average of the distortion correction 
voltage in each horizontal scanning interval of the video 

25 signal becomes a predetermined value. 



In this case, the average value of the oscillation 
frequency control voltage of the voltage controlled 
oscillator in each horizontal scanning interval of the video 
signal becomes a predetermined value. Accordingly, the 
5 average of the frequency of the read clock signal generated 
by the voltage controlled oscillator becomes constant. In 
this way, the average of the oscillation frequency control 
voltage of the voltage controlled oscillator is not changed 
before and after the superimposition of the distortion 

10 correction voltage, so that the operation of the phase-locked 
loop is not changed. 

The step of adding the correction pulse may comprise the 
step of adding the correction pulse to the distortion 
correction voltage before the time point where phase 

15 comparison of the phase-locked loop is made in the horizontal 
blanking interval such that the average of the distortion 
correction voltage becomes a predetermined value for each 
horizontal scanning interval. 

An image distortion correcting apparatus for correcting 

20 distortion in an image displayed on a screen on the basis of 
a video signal according to. still another aspect of the 
present invention comprises storage means for storing the 
video signal; write clock signal generation means for 
generating a write clock signal for writing an inputted video 

25 signal into the storage means; read clock signal generation 
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means for generating a read clock signal for reading out the 
video signal stored in the storage means; distortion 
correction waveform generation means for generating a 
distortion correction waveform for correcting the distortion 
5 in the image by shifting the positions of pixels displayed 
on the screen on the basis of the video signal; and read clock 
signal control means for controlling the frequency of the read 
clock signal generated by the read clock signal generation 
means on the basis of the distortion correction waveform 

10 generated by the distortion correction waveform generation 
means, and the distortion correction waveform generation 
means may set the distortion correction waveform such that 
the amount of shift of the pixel reaches zero at both ends 
and the center of the image in the horizontal scanning 

15 direction. 

In the image distortion correcting apparatus according 
to the present invention, the video signal inputted in 
response to the write clock signal generated by the write 
clock signal generation means is written into the storage 

20 means, and the video signal stored in the storage means is 
read out in response to the read clock signal generated by 
the read clock signal generation means. At this time, the 
frequency of the read clock signal is controlled by the read 
clock signal control means on the basis of the distortion 

25 correction waveform generated by the distortion correction 



waveform generation means, so that the readout period of time 
of the video signal from the storage means is changed. 
Consequently, the positions of the pixels displayed on the 
screen are shifted on the basis of the video signal, so that 
5 the distortion in the image is corrected. 

In this case, the distortion correction waveform is set 
such that the amount of shift of the pixel reaches zero at 
both the ends and the center of the image in the horizontal 
scanning direction. Accordingly, the positions at both the 

10 ends and the center of the image are not shifted. 

It is thus possible to correct the distortion in the 
image by changing the read clock signal using the distortion 
correction waveform without changing a deflection current in 
a deflection circuit, so that power consumption is not 

15 increased. Further, it is possible to correct the distortion 
in the image by providing the distortion correction waveform 
generation means and the read clock signal control means 
without improving the deflection circuit. Accordingly, the 
circuit configuration is not complicated, thereby not 

20 preventing the cost from being reduced. 

As described in the foregoing., according to the present 
invention, the frequency of the read clock signal is 
controlled on the basis of the distortion correction 
waveform, so that the readout period of time of the video 

25 signal from the storage device or the storage means is 
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changed. Consequently, the positions of the pixels displayed 
on the screen are shifted on the basis of the video signal, 
so that the distortion in the image is corrected. In this 
case, the distortion correction waveform is set such that the 
5 amount of shift of the pixel reaches zero at both the ends 
and the center of the image in the horizontal scanning 
direction. Accordingly, the positions at both the ends and 
the center of the image are not shifted. 

It is thus possible to correct the distortion in the 

10 image by changing the read clock signal using the distortion 
correction waveform without changing the deflection current 
in the deflection circuit. Accordingly, the power 
consumption is not increased. Further, it is possible to 
correct the distortion in the image by providing the 

15 distortion correction waveform generation circuit or the 
distortion correction waveform generation means and the read 
clock signal control circuit or the read clock signal control 
circuit without improving the deflection circuit. 
Accordingly, the circuit configuration is not complicated, 

20 thereby making it possible to reduce the cost. 



Brief Description of Drawings 

Fig. 1 is a block diagram showing the configuration of 
an image distortion correcting apparatus according to a first 
25 embodiment of the present invention. 
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Fig. 2 is a schematic view for explaining inner 
pincushion distortion; 

Fig. 3 is a diagram showing an example of inner 
pincushion distortion correction by the shift of the pixels 
5 on a screen; 

Fig. 4 is a diagram showing the relationship between the 
amount of shift of the pixels in the horizontal direction of 
a screen and the positions in the vertical direction of the 
screen . 

10 Fig. 5 is a diagram showing an example of the 

frequency-voltage characteristics of a VCO in a readout PLL 
circuit shown in Fig. 1. 

Fig. 6 is a waveform diagram showing a correction 
waveform in the horizontal scanning period of time based on 

15 the change in frequency used for inner pincushion distortion 
correction using the center of a screen as a basis, a waveform 
diagram showing the amount of shift of the pixel by the 
correction waveform in the horizontal scanning period of 
time, and a diagram showing the amount of inner pincushion 

20 distortion. 

Fig. 7 is a waveform diagram for explaining an example 
of a DC correction pulse. 

Fig. 8 is a waveform diagram showing examples of a 
correction waveform in the horizontal scanning period of time 

25 based on the change in frequency used for inner pincushion 



distortion correction using the center of a screen as a basis, 
a correction waveform in the vertical scanning period of time, 
and an inner pincushion distortion correction voltage. 

Fig. 9 is a waveform diagram showing examples of a 
5 correction waveform in the horizontal scanning period of time 
based on the change in frequency used for inner pincushion 
distortion correction using upper and lower ends of a screen 
as a basis, a correction waveform in the vertical scanning 
period of time, and an inner pincushion distortion correction 
10 voltage. 

Fig. 10 is a waveform diagram showing examples of a 
correction waveform in the horizontal scanning period of time 
based on the change in period of time used for inner pincushion 
distortion correction using the center of a screen as a basis, 

15 a correction waveform in the vertical scanning period of time, 
and an inner pincushion distortion correction voltage. 

Fig. 11 is a waveform diagram showing examples of a 
correction waveform in the horizontal scanning period of time 
based on the change in period of time used for inner pincushion 

20 distortion correction using upper and lower ends of a screen 
as a basis, a correction waveform in the vertical scanning 
period of time , and an inner pincushion distortion correction 
voltage . 

Fig. 12 is a block diagram showing a first example of 
25 the configuration of an inner pincushion distortion 
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correction voltage generation circuit shown in Fig. 1. 

Fig. 13 is a block diagram showing a second example of 
the configuration of an inner pincushion distortion 
correction voltage generation circuit shown in Fig. 1. 

Fig. 14 is a block diagram showing a third example of 
the configuration of an inner pincushion distortion 
correction voltage generation circuit shown in Fig. 1. 

Fig. 15 is a diagram showing an example of the correction 
of inflection points in upper and lower parts of a screen. 

Fig. 16 is a block diagram showing an example of the 
configuration of a vertical rate correction waveform circuit . 

Fig. 17 is a diagram showing examples of a waveform 
generated by a triangular wave generator shown in Fig. 16 and 
a waveform outputted by an conversion table using the inverse 
function of a logarithmic function shown in Fig. 16. 

Fig. 18 is a circuit diagram showing an example of the 
configuration of a readout PLL circuit and a capacitive 
coupling circuit shown in Fig. 1. 

Fig. 19 is a block diagram showing the configuration of 
an image distortion correcting apparatus according to a 
second embodiment of the present invention. 

Fig. 20 is a circuit diagram showing an example of the 
configuration of a readout PLL circuit and an additional 
coupling circuit shown in Fig. 19. 

Fig. 21 is a waveform diagram showing an example of a 



correction waveform in the vertical scanning period of time 
used for inner pincushion distortion correction using 
positions between the center and upper and lower ends of a 
vertical line on a screen as a basis. 

Best Mode for Carrying Out the Invention 

Fig. 1 is a block diagram showing the configuration of 
an image distortion correcting apparatus in a first 
embodiment of the present invention. 

The image distortion correcting apparatus shown in Fig. 
1 comprises a line memory 1, a write PLL (Phase-Locked Loop) 
circuit 2, a readout PLL circuit 3, an inner pincushion 
distortion correction voltage generation circuit 4, and a 
capacitive coupling circuit 5. The write PLL circuit 2 
comprises a phase comparator 21, a loop filter 22, a VCO 
(Voltage Controlled Oscillator) 23, and a frequency divider 
24. Similarly, the readout PLL circuit 3 comprises a phase 
comparator 31, a loop filter 32, a VCO 33, and a frequency 
divider 34. 

A horizontal synchronizing signal HD which is 
synchronized with a video signal VDI is fed to the phase 
comparator 21 in the write PLL circuit 2 . The phase comparator 
21 feeds a voltage corresponding to the phase difference 
between the horizontal synchronizing signal HD and an output 
signal of the frequency divider 24 to the VCO 2 3 through the 



loop filter 22 as a control voltage. The VCO 23 feeds an output 
signal having a frequency corresponding to a control voltage 
to the line memory 1, the frequency divider 24, and the inner 
pincushion distortion correction voltage generation circuit 
5 4 as a write clock signal WCK. The frequency divider 24 
frequency-divides the write clock signal WCK , feeds an output 
signal to the phase comparator 21 as a phase comparison signal 
with the horizontal synchronizing signal HD, and feeds an 
output signal to the phase comparator 31 in the readout PLL 
10 circuit 3 and the inner pincushion distortion correction 
voltage generation circuit 4 as a readout reference signal 
CKS. 

The inner pincushion distortion correction voltage 
generation circuit 4 generates an inner pincushion distortion 

15 correction voltage VA on the basis of the write clock signal 
WCK , the reference signal CKS, and a vertical reference signal 
VD. The vertical reference signal VD is a signal which is 
synchronized with a vertical synchronizing signal. 

The phase comparator 31 in the readout PLL circuit 3 

20 feeds a voltage corresponding to the phase difference between 
the reference signal CKS and an output signal of the frequency 
divider 34 to the loop filter 32. The loop filter 32 smoothes 
the voltage fed from the phase comparator 31. The capacitive 
coupling circuit 5 superimposes the inner pincushion 

25 distortion correction voltage VA generated by the inner 



pincushion distortion correction voltage generation circuit 
4 on an output voltage of the loop filter 32, and feeds a 
voltage obtained by the superimposition to the VCO 3 3 as a 
control voltage VC. The VCO 33 feeds a read clock signal RCK 
5 having a frequency corresponding to the control voltage VC 
to the line memory 1 and the frequency divider 34. The 
frequency divider 34 frequency- divides the read clock signal 
RCK, and feeds an output signal to the phase comparator 31. 
The digital video signal VDI is written into the line 

10 memory 1 in response to the write clock signal WCK. A digital 
video signal VDO is read out of the line memory 1 in response 
to the read clock signal RCK. 

In the image distortion correcting apparatus according 
to the present embodiment, the inner pincushion distortion 

15 correction voltage VA is superimposed on the control voltage 
fed to the VCO 33 in a feedback loop of the readout PLL circuit 
3, to modulate the oscillation frequency of the VCO 33 (the 
frequency of the read clock signal RCK), as described later. 
Consequently, the readout period of time of the video signal 

20 VDO from the line memory 1 is changed, to change the width 
of each pixel. As a result, the pixels can be shifted in the 
horizontal direction, thereby making it possible to correct 
inner pincushion distortion. 

In the present embodiment, the line memory 1 corresponds 

25 to a storage device or storage means, the write PLL circuit 



2 corresponds to a write clock signal generation circuit or 
write clock signal generation means, the readout PLL circuit 

3 corresponds to read clock signal generation means or read 
clock signal generation means, the inner pincushion 

5 distortion correction voltage generation circuit 4 

corresponds to a distortion correction waveform generation 
circuit or distortion correction waveform generation means, 
and the capacitive coupling circuit 5 corresponds to a 
distortion correction waveform superimposing circuit or a 

10 distortion correction waveform superimposing circuit. 

The basic principle of inner pincushion distortion 
correction in the present embodiment will be described. 

Fig. 2 is a schematic view for explaining inner 
pincushion distortion. When vertical lines equally spaced 

15 are displayed on a screen in a state where east-west 

pincushion distortion correction is made by a deflection 
circuit, the vertical line at the center of the screen and 
the vertical lines at right and left ends of the screen are 
straight lines, and the vertical lines to be straight lines 

20 are curved inward in intermediate portions between the center 
and the right end of .the screen and between the center and 
the left end thereof, as shown in Fig. 2. A deviation between 
the position of each of pixels constituting the vertical line 
which is to be inherently displayed and the position of each 

25 of the pixels constituting the vertical line which is 
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displayed in a curved shape becomes an amount of inner 
pincushion distortion IP. 

The inner pincushion distortion can be corrected by 
shifting the pixels in upper and lower parts in the vertical 
5 direction of the vertical line on the screen inward in the 
horizontal direction using the center thereof as a basis, as 
indicated by arrows xl . Conversely, the inner pincushion 
distortion can be also corrected by shifting the pixel at the 
center of the vertical line outward in the horizontal 

10 direction using the upper and lower ends thereof as a basis. 

Description is now made of a case where the pixels in 
the upper and lower parts in the vertical direction of the 
vertical line on the screen are shifted inward in the 
horizontal direction using the center thereof as a basis, to 

15 correct the inner pincushion distortion when there is no 
particular description . Further, scanning shall be performed 
from the left to the right of the screen (in a direction 
indicated by the arrows xl). 

Fig. 3 is a diagram showing an example of inner 

20 pincushion distortion correction by the shift of pixels on 
a screen. Fig. 3 (a) illustrates pixels on one line before 
the inner pincushion distortion correction, and Fig. 3 (b) 
illustrates the pixels on one line after the inner pincushion 
distortion correction. The period of time of the read clock 

25 signal RCK shown in Fig. 1 corresponds to the width of one 



pixel . 

In Fig. 3, a pixel constituting a vertical line is 
indicated by hatching. In this case, when the period of time 
of the read clock signal RCK is increased, the width of the 
5 pixel constituting the vertical line is changed, and the 
position of the pixel is changed along a horizontal time axis, 
as shown in Fig. 3. The time axis of a video signal is 
converted into a space axis on a screen of a CRT, so that the 
position of the pixel is changed in the horizontal direction. 

10 At this time, the change in the width of the pixel is offset 
by deflecting distortion, and the width of the pixel comes 
close to the width of the pixel in a state where there is no 
deflecting distortion. In the example shown in Fig. 3, the 
width and the position are changed with six pixels used as 

15 one unit. 

Fig. 4 is a diagram showing the relationship between the 
amount of shift of pixels in the horizontal direction of a 
screen and the positions in the vertical direction of the 
screen. As shown in Fig. 2, the vertical lines to be straight 

20 lines are curved inward in the intermediate portions between 
the center of the screen and the right and left ends thereof. 
Accordingly, the amount of shift of the pixel is the minimum 
at the center in the vertical direction of the screen, and 
is increased toward the upper and lower ends of the screen, 

25 thereby making it possible to correct the vertical line in 



a linear shape. 

Consequently, inner pincushion distortion is composed 
of correction at a horizontal rate (in a horizontal scanning 
period of time) and correction at a vertical rate (in a 
5 vertical scanning period of time). That is, the amount of 
change at a horizontal rate (the amount of shift of the pixel 
constituting the vertical line) is changed at a vertical rate , 
thereby making it possible to correct the inner pincushion 
distortion in the image. 

10 In the image distortion correcting apparatus shown in 

Fig. 1, the inner pincushion distortion correction voltage 
VA is superimposed on the control voltage fed to the VCO 33 
in the readout PLL circuit 3, to change the frequency of the 
read clock signal RCK, thereby changing the width and the 

15 position of the pixel. The inner pincushion distortion 

correction voltage VA is obtained by modulating a correction 
waveform in the horizontal scanning period of time by a 
correction waveform in the vertical scanning period of time. 
Fig. 5 is a diagram showing an example of the 

20 frequency-voltage characteristics of the VCO 33 in the 

readout PLL circuit 3 shown in Fig. 1. In Fig. 5, a center 
voltage Vc is a voltage determined by the feedback loop of 
the readout PLL circuit 3. When the control voltage VC fed 
to the VCO 33 is the center voltage Vc , the oscillation 

25 frequency becomes a center frequency Fc. Consequently, the 
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control voltage VC fed to the VCO 33 in the readout PLL circuit 
3 is changed from the center voltage Vc, thereby making it 
possible to change the frequency of the read clock signal RCK 
from the center frequency Fc . 
5 When the control voltage VC is not more than the center 

voltage Vc, for example, the oscillation frequency of the VCO 
33 (the frequency of the read clock signal RCK) is not more 
than the center frequency Fc, so that the width of one pixel 
is increased. As a result, on the screen where scanning is 

10 performed from the left to the right, the displayed pixels 
are shifted rightward. 

Fig. 6 (a) is a waveform diagram showing an example of 
a correction waveform in the horizontal scanning period of 
time based on the change in frequency. Fig. 6 (b) is a waveform 

15 diagram showing an example of the amount of shift of the pixel 
by the correction waveform in the horizontal scanning period 
of time, and Fig. 6 (c) is a diagram showing an example of 
the amount of inner pincushion distortion. In Fig. 6, 1H on 
the horizontal axis denotes one horizontal scanning interval 

20 or one horizontal scanning distance. The amount of shift on 
the vertical axis indicates the shifting distance of each 
pixel. At this time, the rightward shift on the screen shall 
be positive. 

The correction waveform in the horizontal scanning 
25 period of time based on the change in frequency has a waveform 



3 9 



which is changed in correspondence with the frequency of the 
read clock signal RCK. 

In the correction, in a range from a start point (a left 
end of an image) of a horizontal video period of time in a 
5 video signal to the center of an image, the integrated value 
of the amount of change in the period of time of the read clock 
signal RCK after correction corresponding to the period of 
time of the read clock signal RCK before the correction is 
taken as zero. This corresponds to the fact that the amount 

10 of shift of a pixel at the center of the image reaches zero 
(the center of the image is not shifted) . 

In a range from a start point (a left end of an image) 
to an end point (a right end of the image) of a horizontal 
video period of time in a video signal, the integrated value 

15 of the amount of change in the period of time of the read clock 
signal RCK after correction corresponding to the period of 
time of the read clock signal RCK before the correction is 
taken as zero. This corresponds to the fact that the amount 
of shift of a pixel at the right end of the image reaches zero 

20 (a final point of the image is not shifted). 

In the above-mentioned description, however, the period 
of time of the read clock signal RCK shall not be corrected 
in a horizontal blanking interval. 

Consequently, the correction waveform in the horizontal 

25 scanning period of time based on the change in frequency 
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becomes the center voltage Vc at the center and the right and 
left ends of the image, as shown in Fig. 6 (a). In an 
intermediate portion between the left end and the center of 
the image, the correction waveform in the horizontal scanning 
5 period of time is raised after being lowered to not more than 
the center voltage Vc, and is lowered to the center voltage 
Vc after being raised to not less than the center voltage Vc . 
In an intermediate portion between the center and the right 
end of the image, the correction waveform in the horizontal 

10 scanning period of time is lowered after being raised to not 
less than the center voltage Vc, and is raised to the center 
voltage Vc after being lowered to not more than the center 
voltage Vc . At this time, the amount of shift of the pixel 
by the correction waveform in the horizontal scanning period 

15 of time shown in Fig. 6 (a) is as shown in Fig. 6 (b), and 
reaches zero at the center and the right and left ends of the 
image. The pixels are shifted, as shown in Fig. 6(b), thereby- 
making it possible to correct the inner pincushion distortion 
as shown in Fig. 6 (c) . 

20 Although in the example shown in Fig. 6 (a) , the 

correction waveform in the horizontal scanning period of time 
based on the change in frequency is the center voltage Vc at 
the center of the image, it is not limited to the same. The 
correction waveform in the horizontal scanning period of time 

25 based on the change in frequency can be also created such that 



it is not the center voltage Vc at the center of the image, 
as indicated by a dotted line or a one-dot and dash line shown 
in Fig. 6 (a) . Description is hereinafter made of a case where 
the correction waveform in the horizontal scanning period of 
5 time based on the change in frequency is the center voltage 
Vc at the center of the image, as indicated by a solid line 
in Fig. 6 (a) . 

Fig. 7 is a waveform diagram for explaining an example 
of a DC correction pulse. Fig. 7 illustrates a correction 

10 waveform in the horizontal scanning period of time based on 
the change in frequency. 

As shown in Fig. 7 , a DC correction pulse AP is inserted 
into a horizontal blanking interval such that a DC component 
of the correction waveform in the horizontal scanning period 

15 of time coincides with the center voltage Vc of the VCO 33 
in the readout PLL circuit 3 shown in Fig. 1. The polarity 
and the level of the DC correction pulse AP are calculated 
in real time on the basis of the results of integration of 
the correction waveform in the horizontal scanning period of 

20 time within 1H. The DC correction pulse AP is inserted into 
an arbitrary position ahead of a phase comparison point PC 
by the phase comparator 31 in the readout PLL circuit 3 and 
within the horizontal blanking interval. 

In this case, the amount of correction to be corrected 

25 by the DC correction pulse AP is changed by waveforms above 
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and below the correction waveform in the horizontal scanning 
period of time with respect to the center voltage Vc . The 
amount of correction by the DC correction pulse AP is 
determined by the following equation: 
5 Amount of correction = 2 (correction voltage - Vc ) = 

pulse width X pulse level 

Here, 2 ( correction voltage - Vc) means that (correction 
voltage - Vc) is integrated on the time axis. When the pulse 
level of the DC correction pulse AP is limited by a control 

10 voltage or the like which is allowed to the VCO 33, the amount 
of correction must be ensured by the pulse width. Therefore, 
the pulse width of the DC correction pulse AP is arbitrarily 
settable. The larger the pulse width of the DC correction 
pulse AP is, the larger an error in the amount of correction 

15 is. Therefore, it is preferable that the pulse width is made 
as narrow as possible. 

Fig. 7 also describes a case where the DC correction 
pulse AP is inserted into the correction waveform in the 
horizontal scanning period of time based on the change in 

20 frequency. Also in a correction waveform in the horizontal 
scanning period of time based on the change in period of time, 
described later, however, the same DC correction pulse is 
inserted into an arbitrary position ahead of the phase 
comparison point by the phase comparator 31 in the readout 

25 PLL circuit 3 and within the horizontal blanking interval. 



The correction waveform in the horizontal scanning period of 
time based on the change in period of time has a waveform which 
is changed in correspondence with the period of time of the 
read clock signal RCK. 
5 Fig. 8 (a) is a waveform diagram showing an example of 

a correction waveform in the horizontal scanning period of 
time based on the change in frequency. Fig. 8 (b) is a waveform 
diagram showing an example of a correction waveform in the 
vertical scanning period of time, and Fig. 8 (c) is a waveform 

10 diagram showing an example of an inner pincushion distortion 
correction waveform based on the change in frequency. Fig. 
8 illustrates a case where pixels in upper and lower parts 
of a vertical line on a screen are shifted using the center 
thereof as a basis, to correct inner pincushion distortion. 

15 Fig. 8 does not illustrate the DC correction pulse AP shown 
in Fig. 7. In Fig. 8 (b), IV indicates one vertical scanning 
interval . 

The correction waveform in the horizontal scanning 
period of time based on the change in frequency is changed 

20 in 1H, as shown in Fig. 8 (a) , and the correction waveform 
in the vertical scanning period of time is changed in IV, as 
shown in Fig. 8(b). The correction waveform in the horizontal 
scanning period of time shown in Fig. 8 (a) is modulated by 
the correction waveform in the vertical scanning period of 

25 time shown in Fig. 8 (b), thereby obtaining the inner 



pincushion distortion correction waveform based on the change 
in frequency shown in Fig. 8 (c). 

Fig. 8 (c) schematically illustrates the inner 
pincushion distortion correction waveform, or accurately one 
5 obtained by amplitude-modulating the correction waveform in 
the horizontal scanning period of time shown in Fig. 8 (a) 
by the correction waveform in the vertical scanning period 
of time shown in Fig. 8 (b) . 

In the vertical blanking interval, the correction 

10 waveform in the vertical scanning period of time shown in Fig. 
8 (b) may be a predetermined value. Further, the correction 
waveform in the horizontal scanning period of time shown in 
Fig. 8 (a) may be a predetermined value in the vicinity of 
the center of the screen. 

15 When the center of the vertical line on the screen is 

shifted using the upper and lower ends thereof as a basis, 
to correct the inner pincushion distortion, the correction 
waveform in the horizontal scanning period of time based on 
the change in frequency is a waveform obtained by turning the 

20 waveform shown in Fig. 8 (a) upside down with respect to the 
center voltage, Vc, as shown in Fig. 9 (a). The correction 
waveform in the vertical scanning period of time is the 
maximum at its center, and is decreased toward both its ends, 
as shown in Fig. 9 (b) . Further, the inner pincushion 

25 distortion correction waveform based on the change in 



frequency becomes a waveform which expands at its center and 
converges toward both its ends, as shown in Fig. 9 (c). 

Fig. 9 (c) schematically illustrates the inner 
pincushion distortion correction waveform, or accurately one 
5 obtained by amplitude-modulating the correction waveform in 
the vertical scanning period of time shown in Fig. 9 (a) by 
the correction waveform in the vertical scanning period of 
time shown in Fig. 9 (b). 

In the vertical blanking interval, the correction 

10 waveform in the vertical scanning period of time shown in Fig. 
9 (b) may be a predetermined value. Further, the correction 
waveform in the horizontal scanning period of time shown in 
Fig. 9 (a) may be a predetermined value in the vicinity of 
the center of the screen. 

15 Fig. 10 (a) is a waveform diagram showing an example of 

a correction waveform in the horizontal scanning period of 
time based on the change in period of time. Fig. 10 (b) is 
a waveform diagram showing an example of a correction waveform 
in the vertical scanning period of time, and Fig. 10 (c) is 

20 a waveform diagram showing an example of an inner pincushion 
distortion correction waveform based on the change in period 
of time. Fig. 10 illustrates a case where pixels in upper 
and lower parts of a vertical line on a screen are shifted 
using the center thereof as a basis, to correct inner 

25 pincushion distortion. However, Fig. 10 does not illustrate 
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the DC correction pulse AP shown in Fig. 7. 

The correction waveform in the horizontal scanning 
period of time is changed in 1H, as shown in Fig. 10 (a) , and 
the correction waveform in the vertical scanning period of 
5 time is changed in IV, as shown in Fig. 10 (b) . The correction 
waveform in the horizontal scanning period of time shown in 
Fig. 10 (a) is modulated by the correction waveform in the 
vertical scanning period of time shown in Fig. 10 (b) , thereby 
obtaining the inner pincushion distortion correction 
10 waveform based on the change in period of time shown in Fig. 
10 (c). 

Fig. 10 (c) schematically illustrates the inner 
pincushion distortion correction waveform, or accurately one 
obtained by amplitude -modulating the correction waveform in 
15 the horizontal scanning period of time shown in Fig. 10 (a) 
by the correction waveform in the vertical scanning period 
of time shown in Fig. 10 (b) . 

In a vertical blanking interval, the correction 
waveform in the vertical scanning period of time shown in Fig. 
20 10 (b) may be a predetermined value. Further, the correction 
waveform in the horizontal scanning period of time shown in 
Fig. 10 (a) may be a predetermined value in the vicinity of 
the center of the screen. 

When the center of the vertical line on the screen is 
25 shifted using upper and lower ends thereof as a basis, to 



correct the inner pincushion distortion, the correction 
waveform in the horizontal scanning period of time based on 
the change in period of time is a waveform obtained by turning 
the waveform shown in Fig. 10 (a) upside down with respect 
5 to the center voltage Vc, as shown in Fig. 11 (a). The 
correction waveform in the vertical scanning period of time 
is the maximum at its center, and is decreased toward both 
its ends, as shown in Fig. 11(b). Further, the inner 
pincushion distortion correction waveform based on the change 

10 in period of time is a waveform which expands at its center 
and converges toward both its ends, as shown in Fig. 11 (c). 

Fig. 11 (c) schematically illustrates the inner 
pincushion distortion correction waveform, or accurately one 
obtained by amplitude-modulating the correction waveform in 

15 the horizontal scanning period of time shown in Fig. 11 (a) 
by the correction waveform in the vertical scanning period 
of time shown in Fig. 11 (b) . 

In the vertical blanking interval, the correction 
waveform in the vertical scanning period of time shown in Fig. 

20 11 (b) may be a predetermined value. Further, the correction 
waveform in the horizontal scanning period of time shown in . 
Fig. 11 (a) may be a predetermined value in the vicinity of 
the center of the screen. 

When the correction waveform in the horizontal scanning 

25 period of time based on the change in period of time shown 
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in Figs. 10 (a) or Fig. 11 (a) is used, the inner pincushion 
distortion correction waveform based on the change in period 
of time is converted into an inner pincushion distortion 
correction waveform based on the change in frequency, as 
described later. 

Although in the examples shown in Figs. 8 to 11, a case 
where the inner pincushion distortion is corrected by 
shifting the upper and lower parts of the vertical line on 
the screen using the center thereof as a basis and a case where 
the inner pincushion distortion is corrected by shifting the 
center of the screen using the upper and lower ends thereof 
as a basis are described, the inner pincushion distortion may 
be corrected using an arbitrary position of the vertical line 
on the screen as a basis by shifting the other part thereof. 
In the case, the correction waveform in the vertical scanning 
period of time shown in Fig. 8, 9, 10 or 11 is shifted in the 
vertical direction such that the voltage reaches zero in a 
time period corresponding to a portion to be the basis on the 
screen, and has a shape folded upward with a portion where 
the voltage reaches zero used as its boundary, as shown in 
Fig. 21. 

Fig. 12 is a block diagram showing a first example of 
the configuration of the inner pincushion distortion 
correction voltage generation circuit 4 shown in Fig. 1. 

The inner pincushion distortion correction voltage 



generation circuit 4 shown in Fig. 12 comprises a horizontal 
rate correction waveform circuit 41, a vertical rate 
correction waveform circuit 42, a multiplier 43, and a DC 
correction pulse superimposing circuit 44. 
5 The horizontal rate correction waveform circuit 41 

starts data processing using a reference signal CKS as a 
basis, and generates a correction waveform in the horizontal 
scanning period of time VHD based on the change in frequency- 
shown in Fig. 8 (a) in synchronization with a write clock 

10 signal WCK. A pulse of the write clock signal WCK is the 
minimum unit for data processing. In this case, the 
correction waveform in the horizontal scanning period of time 
VHD corresponds to the change in the frequency of a read clock 
signal RCK generated by the VCO 3 3 in the readout PLL circuit 

15 3. The vertical rate correction waveform circuit 42 starts 
data processing using a vertical reference signal VD as a 
basis, and generates a correction waveform in the vertical 
scanning period of time WD shown in Fig. 8 (b) in 
synchronization with a reference signal CK and the write clock 

20 signal WCK. 

The multiplier 43 multiples the correction waveform in 
the horizontal scanning period of time VHD generated by the 
horizontal rate correction waveform circuit 41 and the 
correction waveform in the vertical scanning period of time 

25 WD generated by the vertical rate correction waveform 
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circuit 42, to output an inner pincushion distortion 
correction waveform VAD based on the change in frequency shown 
in Fig. 8 (c) . The DC correction pulse superimposing circuit 
44 superimposes a DC correction pulse on the inner pincushion 
5 distortion correction waveform VAD outputted from the 
multiplier 43, to output an inner pincushion distortion 
correction voltage VA. In this case, inner pincushion 
distortion is corrected by shifting pixels in upper and lower 
parts of a vertical line on a screen using the center thereof 

10 as a basis. 

The horizontal rate correction waveform circuit 41 may 
generate the correction waveform in the horizontal scanning 
period of time based on the change in frequency shown in Fig. 
9 (a) , the vertical rate correction waveform circuit 42 

15 generates the correction waveform in the vertical scanning 
period of time shown in Fig. 42 (b), and the multiplier 43 
may generate the inner pincushion distortion correction 
waveform based on the change in frequency shown in Fig. 9(c). 
In this case, the inner pincushion distortion is 

20 corrected by shifting the pixel at the center of the vertical 
line on the screen using the upper and lower ends thereof as 
a basis. 

In this example, the horizontal rate correction 
waveform circuit 41 corresponds to a first correction 
25 waveform generation circuit, the vertical rate correction 
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waveform circuit 42 corresponds to a second correction 
waveform generation circuit, the multiplier 43 corresponds 
to a modulation circuit or a multiplication circuit, and the 
DC correction pulse superimposing circuit 44 corresponds to 
5 a correction pulse addition circuit. 

Although in the example shown in Fig. 12, processing in 
the digital signal is described, parts or all of circuit 
blocks can be also performed by processing in an analog 
signal. In the case of the processing in the analog signal, 
10 the write clock signal WCK is not required . Only the reference 
signal CKS is inputted to the horizontal rate correction 
waveform circuit 41, and only the vertical reference signal 
VD is inputted to the vertical rate correction waveform 
circuit 42. 

15 Fig. 13 is a block diagram showing a second example of 

the configuration of the inner pincushion distortion 
correction voltage generation circuit 4 shown in Fig. 1. 

The inner pincushion distortion correction voltage 
generation circuit 4 shown in Fig. 13 comprises a horizontal 
20 rate correction waveform circuit 41, a vertical rate 

. correction waveform circuit 42, a variable gain amplifier 46, 
and a DC correction pulse superimposing circuit 44. 

The horizontal rate correction waveform circuit 41 
starts data processing using a reference signal CKS as a 
25 basis, and generates a correction waveform in the horizontal 



scanning period of time VHD based on the change in frequency 
shown in Fig. 8 (a) in synchronization with a write clock 
signal WCK. A pulse of the write clock signal WCK is the 
minimum unit for data processing. In this case, the 
5 correction waveform in the horizontal scanning period of time 
VHD corresponds to the change in the frequency of a read clock 
signal RCK generated by the VCO 33 in the readout PLL circuit 
3. The vertical rate correction waveform circuit 42 starts 
data processing using the vertical reference signal VD as a 

10 basis, and generates a correction waveform in the vertical 
scanning period of time WD shown in Fig. 8 (b) in 
synchronization with a reference signal CK and the write clock 
signal WCK. Consequently, the amplifier 46 outputs an inner 
pincushion distortion correction waveform VAD based on the 

15 change in frequency shown in Fig. 8 (c). 

The DC correction pulse superimposing circuit 44 
superimposes a DC correction pulse on the inner pincushion 
distortion correction waveform VAD outputted from the 
multiplier 43, to output an inner pincushion distortion 

20 correction voltage VA. In this case, inner pincushion 

distortion is corrected by shifting pixels in upper and lower 
parts of a vertical line on a screen using the center thereof 
as a basis. 

The horizontal rate correction waveform circuit 41 may 
25 generate the correction waveform in the horizontal scanning 



period of time based on the change in frequency shown in Fig. 
9 (a), the vertical rate correction waveform circuit 42 may- 
generate the correction waveform in the vertical scanning 
period of time shown in Fig. 9 (b) , and the amplifier 46 may 
5 generate the inner pincushion distortion correction waveform 
based on the change in frequency shown in Fig. 9 (c). 

In this case, the inner pincushion distortion is 
corrected by shifting the pixel at the center of the vertical 
line on the screen using the upper and lower ends thereof as 
10 a basis. 

In this example, the horizontal rate correction 
waveform circuit 41 corresponds to a first correction 
waveform generation circuit, the vertical rate correction 
waveform circuit 42 corresponds to a second correction 

15 waveform generation circuit, the amplifier 46 corresponds to 
a modulation circuit or an amplification circuit, and the DC 
correction pulse superimposing circuit 44 corresponds to a 
correction pulse addition circuit. 

Although in the example shown in Fig. 13, processing in 

20 the digital signal is described, parts or all of circuit 
block.s can be also performed by processing in an analog 
signal. In the case of the processing in the analog signal, 
the write clock signal WCK is not required. Only the reference 
signal CKS is inputted to the horizontal rate correction 

25 waveform circuit 41, and only the vertical reference signal 
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VD is inputted to the vertical rate correction waveform 
circuit 42. 

Fig. 14 is a block diagram showing a third example of 
the configuration of the inner pincushion distortion 
5 correction voltage generation circuit 4 shown in Fig. 1. 

The inner pincushion distortion correction voltage 
generation circuit 4 shown in Fig. 14 comprises a horizontal 
rate correction waveform circuit 47, a vertical rate 
correction waveform circuit 48, a multiplier 49, a 

10 period-frequency conversion circuit (circuit for converting 
period of time to frequency) 50, and a DC correction pulse 
superimposing circuit 51. 

The horizontal rate correction waveform circuit 47 
starts data processing using a reference signal CKS as a 

15 basis, and generates a correction waveform in the horizontal 
scanning period of time VHT based on the change in period of 
time shown in Fig. 10 (a) in synchronization with a write clock 
signal WCK. A pulse of the write clock signal WCK is the 
minimum unit for data processing. The correction waveform 

20 in the horizontal scanning period of time VHD corresponds to 
the change in the period of time of a read clock signal RCK 
generated by the VCO 3 3 in the readout PLL circuit 3. The 
vertical rate correction waveform circuit 48 starts data 
processing using a vertical reference signal VD as a basis, 

25 and generates a correction waveform in the vertical scanning 



period of time VVD shown in Fig. 10 (b) in synchronization 
with a reference signal CK and the write clock signal WCK. 

The multiplier 49 multiples the correction waveform in 
the horizontal scanning period of time VHT generated by the 
horizontal rate correction waveform circuit 47 and the 
correction waveform in the vertical scanning period of time 
VVD generated by the vertical rate correction waveform 
circuit 48, to output an inner pincushion distortion 
correction waveform VAT based on the change in period of time 
shown in Fig. 10 (c). 

The period-frequency conversion circuit 50 converts the 
inner pincushion distortion correction waveform VAT based on 
the change in period of time into an inner pincushion 
distortion correction waveform VAF based on the change in 
frequency. The DC correction pulse superimposing circuit 51 
superimposes the DC correction pulse on the inner pincushion 
distortion correction waveform VAF based on the change in 
frequency obtained by the period- frequency conversion 
circuit 50, to output an inner pincushion distortion 
correction voltage VA. In this case, inner pincushion 
distortion is corrected by shifting pixels in upper and lower 
parts of a vertical line on a screen using the center thereof 
as a basis. 

The horizontal rate correction waveform circuit 4 7 may 
generate the correction waveform in the horizontal scanning 



period of time based on the change in frequency shown in Fig. 
11 (a) , the vertical rate correction waveform circuit 48 may 
generate the correction waveform in the vertical scanning 
period of time shown in Fig. 11 (b) , and the multiplier 49 
5 may generate the inner pincushion distortion correction 
waveform based on the change in period of time shown in Fig. 
11 (c). 

In this case, the inner pincushion distortion is 
corrected by shifting the pixel at the center of the vertical 
10 line on the screen using upper and lower ends thereof as a 
basis . 

In this example, the horizontal rate correction 
waveform circuit 47 corresponds to a first correction 
waveform generation circuit, the vertical rate correction 

15 waveform circuit 48 corresponds to a second correction 

waveform generation circuit, the multiplier 49 corresponds 
to a modulation circuit and a multiplication circuit, and the 
DC correction pulse superimposing circuit 51 corresponds to 
a correction pulse addition circuit. 

20 Although processing in the digital signal is described 

in Fig. 14, parts or all of circuit blocks can be. also 
performed by processing in an analog signal. In the case of 
the processing in the analog signal, the write clock signal 
WCK is not required. Only the reference signal CKS is inputted 

25 to the horizontal rate correction waveform circuit 47, and 



only the vertical reference signal VD is inputted to the 
vertical rate correction waveform circuit 48. In the example 
shown in Fig. 14, the multiplier 4 9 may be replaced with an 
amplifier, as in the example shown in Fig. 13. 

In the inner pincushion distortion correction voltage 
generation circuit 4 shown in Fig. 14, the correction waveform 
in the horizontal scanning period of time VHT based on the 
change in period generated by the horizontal rate correction 
waveform circuit 47 corresponds to the change in the period 
of time of the read clock signal RCK generated by the VCO 33 
in the readout PLL circuit 3, and the period of time is 
proportional to the amount of shift of the pixels. When the 
correction waveform in the horizontal scanning period of time 
VHT is modulated by the correction waveform in the vertical 
scanning period of time WD, to obtain the inner pincushion 
distortion correction voltage VA in each horizontal scanning 
line, therefore, the amount of inner pincushion distortion 
and the amount of correction by the inner pincushion 
distortion correction voltage VA are equal to each other in 
all horizontal scanning lines, thereby making it possible to 
accurately correct the inner pincushion distortion over the 
whole of the screen. 

Contrary to this, the correction waveform in the 
horizontal scanning period of time VHD based on the change 
in frequency generated by the horizontal rate correction 



5 8 



waveform circuit 41 shown in Figs. 12 and 13 corresponds to 
the frequency of the read clock signal RCK generated by the 
VCO 33 in the readout PLL circuit 3, and the frequency is 
inversely proportional to the amount of shift of the pixels. 
5 When the correction waveform in the horizontal scanning 
period of time VHD is modulated by the correction waveform 
in the vertical scanning period of time WD, to obtain the 
inner pincushion distortion correction voltage VA in each 
horizontal scanning line, therefore, an error slightly occurs 
10 between the amount of inner pincushion distortion and the 
amount of correction by the inner pincushion distortion 
correction voltage VA depending on the horizontal scanning 
line . 

When the inner pincushion distortion correction voltage 
15 generation circuit 4 shown in Fig. 14 is used, therefore, it 
is possible to further increase the image quality. On the 
other hand, when the inner pincushion distortion correction 
voltage generation circuit 4 shown in Figs. 12 and 13 is used, 
it is possible to reduce the circuit scale and reduce the cost. 
20 The horizontal rate correction waveform circuits 41 and 

47 and the vertical rate correction waveform circuit 42 and 

48 can be constituted by memories and Digital to analog 
converters. Alternatively, they can be also constituted by 
waveform generation circuits using a waveform generation 

25 function and Digital to analog converters. The waveform 



generation circuit can be realized by hardware using a logical 
circuit or the like or software using a microcomputer or the 
like. The horizontal rate correction waveform circuits 41 
and 47 or the vertical rate correction waveform circuits 42 
5 and 48 can be also realized by combining the constituent 
elements . 

When the inner pincushion distortion correction voltage 
generation circuit 4 is realized by digital processing, the 
horizontal rate correction waveform circuits 41 and 47 and 

10 the vertical rate correction waveform circuits 42 and 48 can 
be constituted by memories, or can be also constituted by 
waveform generation circuits using a waveform generation 
function. Also in this case, the waveform generation circuit 
can be realized by hardware using a logical circuit or the 

15 like or software using a microcomputer or the like. The 
horizontal rate correction waveform circuits 41 and 47 and 
the vertical rate correction waveform circuits 42 and 48 can 
be realized by combining the constituent elements. 

Fig. 15 is a diagram showing an example of correction 

20 of inflection points in upper and lower parts of a screen, 
where 15 (a) indicates a . vertical line having inner pincushion 
distortion on a screen of a CRT, and 15 (b) indicates a 
correction waveform in the vertical scanning period of time 
for correcting the inner pincushion distortion shown in Fig. 

25 15 (a). 



As shown in Fig. 15 (a), the vertical line having the 
inner pincushion distortion has inflection points cl and c2 
in its upper and lower parts, and the amount of change in the 
distortion differs with the infection points cl and c2 used 
5 as boundaries. The inflection points cl and c2 occur by 
forming vertical lines at both ends of the screen into 
straight lines by distortion correction such as east-west 
pincushion distortion correction. 

The inner pincushion distortion correction is made by 

10 amplitude-modulating the correction waveform in the 

horizontal scanning period of time by the correction waveform 
in the vertical scanning period of time. Therefore, the slope 
of the correction waveform in the vertical scanning period 
of time must be made gentle in a first portion vl and a last 

15 portion v2 in correspondence with the inflection points cl 
and c2, as shown in Fig. 15 (b) . Fig. 15 shows a case where 
the slope is made gentle. However, there is a case where the 
slope is strengthened depending on the inflection points. 
Therefore, the slope is made variable. 

20 In order to make the slope of the correction waveform 

in the vertical scanning period of time variable, the vertical 
rate correction waveform circuits 42 and 48 are constituted 
as follows . 

The vertical rate correction waveform circuits 42 and 
25 48 can be constituted by memories. In this case, data 



representing a portion whose slope is changed in data 
representing the correction waveform in the vertical scanning 
period of time which is stored in the memory is rewritten. 
The vertical rate correction waveform circuits 42 and 
5 48 can be also constituted by waveform generation circuits 
using a waveform generation function. When the waveform 
generation circuit is realized by hardware, function 
parameters designed so as to be variable are switched. When 
the waveform generation circuit is realized by software, 

10 parameters of the waveform generation function are switched 
by the software. The waveform generation function itself may 
be switched by the software. 

Fig. 16 is a block diagram showing an example of the 
configuration of the vertical rate correction waveform 

15 circuit. The vertical rate correction waveform circuit shown 
in Fig. 16 comprises a triangular wave generator 71, an 
Conversion table using a logarithmic function 72, a 
multiplier 73, and an conversion table using the inverse 
function of a logarithmic function 74. 

20 When a straight line generated by the triangular wave 

generator 71 is taken as Y, and the straight line Y is fed 
to the Conversion table using a logarithmic function 72, an 
output of the Conversion table using a logarithmic function 
72 is LOG ( Y ) . 

25 When the multiplier 73 multiples the output LOG ( Y ) of 



the Conversion table using a logarithmic function 72 by b, 
an output of the multiplier 73 is bLOG(Y) , where b is a 
coefficient . 

When the output bLOG(Y) of the multiplier 7 3 is fed to 
5 the conversion table using the inverse function of a 

logarithmic function 74, an output of the conversion table 
using the inverse function of a logarithmic function 74 is 
expressed by the following equation. indicates power. 

10~(bLOG(Y)) = 10 ~ [ LOG ( Y~b ) ] = Y~b 
10 Accordingly, a parabolic waveform Y~b which is the b-th 

power of the straight line Y can be produced. The parabolic 
waveform is the correction waveform in the vertical scanning 
period of time. 

Fig. 17 (a) is a diagram showing an example of a waveform 
15 generated by the triangular wave generator 71 shown in Fig. 
16, and Fig. 17 (b) is a diagram showing an example of a 
waveform outputted by the conversion table using the inverse 
function of a logarithmic function 74 shown in Fig. 16. 

As shown in Fig. 17 (a), slops al, a2 , a3 , and a4 of the 
20 straight line Y and respective periods of its straight parts 
are made variable, thereby making it possible to change the 
shape of the parabolic waveform Y~b shown in Fig. 17 (b). 
Further, b is made variable, thereby making it possible to 
change the degree of the parabolic waveform Y~b. 
25 Particularly, the correction waveform in the vertical 
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scanning period of time shown in Fig. 15 (b) can be obtained 
by making the slops al and a4 variable. 

Although in the example shown in Fig. 17, the correction 
waveform in the vertical scanning period of time is divided 
into four parts, the present invention is not limited to the 
same. It can be divided into an arbitrary number of parts. 

Fig. 18 is a circuit diagram showing an example of the 
configuration of the readout PLL circuit and the capacitive 
coupling circuit 5 shown in Fig. 1. 

As shown in Fig. 18, a loop filter 32 in the readout PLL 
circuit 3 is constituted by resistors 321 and 322 and 
capacitors 323, 324, and 325. Although in Fig. 18, a Lag-lead 
filter is used as the loop filter, other filters such as a 
Lag filter and an active filter may be used. The loop filter 
32 smoothes an output voltage of a phase comparator 31, and 
feeds the smoothed voltage to a VCO 33 through a node Nl . 

The capacitive coupling circuit 5 is constituted by an 
emitter follower transistor 61, a resistor 62, and a capacitor 
63. The transistor 61 has its base fed with an inner 
pincushion distortion correction voltage VA generated by the 
inner pincushion distortion correction voltage generation 
circuit 4 shown in Fig. 1, has its collector fed with a power 
supply voltage Vcc, and has its emitter grounded through the 
resistor 62 and connected to the node Nl in the loop filter 
32 through the capacitor 63. 



An emitter voltage of the transistor 61 is changed in 
response to the inner pincushion distortion correction 
voltage VA, and is fed to the node Nl through the capacitor 
63. Consequently, the inner pincushion distortion correction 
voltage VA is superimposed on the output voltage of the phase 
comparator 31. 

The capacitive coupling circuit 5 shown in Fig. 18 is 
constituted by a small number of components, so that the cost 
is reduced. 

Fig. 19 is a block diagram showing an image distortion 
correcting apparatus in a second embodiment of the present 
invention . 

The image distortion correcting apparatus shown in Fig. 
19 differs from the image distortion correcting apparatus 
shown in Fig. 1 in that an additional coupling circuit 6 is 
provided in place of the capacitive coupling circuit 5 shown 
in Fig. 1. An output voltage of a loop filter 32 is fed to 
the additional coupling circuit 6, and an output voltage of 
the additional coupling circuit 6 is fed to a VCO 33 as a 
control voltage VC . In the present embodiment, the additional 
coupling circuit 6 corresponds to a distortion correction 
waveform superimposing circuit. 

Fig. 20 is a circuit diagram showing an example of the 
configuration of the readout PLL circuit 3 and the additional 
coupling circuit 6 shown in Fig. 19. 



In Fig. 20, the additional coupling circuit 6 comprises 
an inversion adder 64, an inversion amplifier 65, and a 
non-inversion amplifier (a voltage follower) 66. The 
configuration of a loop filter 32 in the readout PLL circuit 
3 is the same as the configuration shown in Fig. 19. Other 
filters such as a Lag filter and an active filter may be used 
as the loop filter. 

An inner pincushion distortion correction voltage VA 
generated by an inner pincushion distortion correction 
voltage generation circuit 4 shown in Fig. 20 is fed to one 
of input terminals of the inversion adder 64. An output 
voltage of a node Nl in the loop filter 32 is fed to the other 
input terminal of the inversion adder 64 through the non- 
inversion amplifier 66. An output voltage at an output 
terminal of the inversion adder 64 is fed to a VCO 33 through 
the inversion amplifier 65 as a control voltage VC . 

The inner pincushion distortion correction voltage VA 
and the output voltage of the loop filter 32 are added and 
inverted by the inversion adder 64, are inverted by the 
inversion amplifier 65, and are fed to the VCO 33. 

. In the additional coupling circuit 6 shown in Fig. 20, 
the non-inversion amplifier 66 is connected between the other 
input terminal of the inversion adder 6 4 and the output node 
Nl in the loop filter 32. Accordingly, the inner pincushion 
distortion correction voltage VA is prevented from being 



distorted by the effect of the loop filter 32. 

Although in the above-mentioned embodiment, the present 
invention is applied to a case where the inner pincushion 
distortion is corrected, the present invention is also 
applicable to a case where horizontal linearity correction 
is made. 



